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Abstract 
Photovoltaic (PV) is a device that produces electricity from sunlight. The conversion ability of it could be reduced by 
several factors. High temperature or heat accumulation could result in lower power output. Monocrystalline silicon 
(MCS) and amorphous silicon (AS) were tested in normal operating condition in order to investigate the effect of 
high operating temperature on power output of those PVs. The experiments were carried out at Kamrieng,           
Maha Sarakham province, Thailand. The results showed that AS could produce higher power output at high operating 
temperature when comparing to MCS. The 40 watts rated output at STC testing condition of 25 qC operating 
temperature was taken into account.  For 80% - 115% higher in operating temperature, AS produced less power 
output of 3% - 20% and MCS produced less power output of 23% - 33%. The pros and cons of using AS over MCS 
were also discussed. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
Center in Energy and Environment, Thaksin University. 
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1. Introduction 
There are many ways to bring sunlight to use as solar energy. Photovoltaic (PV) module is a device 
that converts solar energy to electric energy. The conversion performance of PV depends on several 
factors such as solar radiation and operating temperature. The efficiency of PV is varied among its type 
 * Corresponding author. Tel.: +66-86-868-2998; fax: +66-43-754-316.  
 E-mail address: nuchida.s@msu.ac.th. 
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of 2013 AEDCEE
460   Nuchida Suwapaet and Prapapit Boonla /  Energy Procedia  52 ( 2014 )  459 – 465 
and gradually improved according to reports [1] [2] [3] [4]. The monocrystalline silicon was only 15% in 
efficiency in 1950s but possibly increased up to 28% in efficiency recently. Amorphous silicon is 
considered as thin film type. The efficiency of amorphous silicon has been below 10% but it is cheaper in 
price and better in light absorption, comparing to monocrystalline silicon.  
The operation site of PV is definitely outdoor and exposes to the sun, thus the heat that accumulated on 
the modules would affect the efficiency of PV. At the standard test conditions (STC), PV modules are 
expected to give the best performances. These conditions could only occur in the controlled environment, 
i.e., laboratory setup. Even the STC was set, tested, and labeled by the manufacturers; the performances 
do not necessarily match what had been re-tested by researcher [5]. In reality, PV modules operate in such 
higher temperature and lower solar radiation which reduce the efficiency. This study was aimed to 
investigate the effect of high operating temperature to the produced power output of 2 PV modules, 
monocrystalline silicon and amorphous silicon. The experiments were carried out in November and 
December, 2012 at Maha Sarakham province, Thailand.
2. Experiments 
Two types of tested Photovoltaic module were monocrystalline silicon and amorphous silicon. The 
experiments were set up at Maha Sarakham province, Thailand. The best condition of getting the 
maximum solar radiation at the location was having the PV faced south with 16 degree inclined from the 
horizon [6]. Those PVs were placed on the steel frame and tested at the same condition and location. 
Thermocouple was used to measure the temperature. The thermocouples were attached on the front 
surface of those PV modules. The attached areas of interest were spread out uniformly on the front surface 
as shown in Fig. 1. 
  
      
          (a)                    (b) 
Fig. 1. The front surface with attached thermocouples of (a) the tested MCS and (b) the tested AS 
The testing time was 9:00 to 15:00 hours and the experiment was run from November to December, 
2012. The resistant loads were connected in the circuit for measuring current and voltage. The module 
temperature data were collected and stored by data logger. The operating current and the operating 
voltage of modules were also measured and recorded. All data were measured every 15 minutes.
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3. Results and discussions 
3.1. Module specifications 
The specifications of MCS [7] and AS [8] modules are shown in Table 1. Those measurements were 
made under the standard test conditions (STC) of 1000 W/m2 solar radiation, 1.5 spectrum of Air Mass, 
and 25qC module temperature. The working areas of MCS and AS were 0.27 m2 and 0.79 m2, 
respectively. 
Table 1. MCS and AS specifications at standard test conditions (STC) 
STC condition measurements MCS AS 
Output power (peak W) 40 40 
Working voltage, Vop (V) 17.2 44.8 
Working current, Iop (A) 2.33 0.93 
Open voltage, Voc (V) 21.5 62.2 
Short circuit current , Isc (A) 2.50 1.14 
Current temperature coefficient +0.10% / qC +0.04% / qC 
Voltage temperature coefficient -0.38% / qC -0.30% / qC 
Power temperature coefficient -0.47% / qC -0.20% / qC 
With the same 40-watt power output, MCS needed less working space than AS but the temperature 
coefficients of MCS were more fluctuated than that of AS. 
3.2. Temperatures 
The operating temperature of MCS and AS were measured and collected. The average temperature of 
each module was calculated from those measured data. The average daily solar radiation data from the 
experiments of MCS and AS were shown in Fig. 2. The average operating temperature on the front surfaces 
of MCS and AS were shown in Fig. 3. 
Fig. 2. Average daily solar radiation of the experiments 
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Since the average daily solar radiation from MCS experiment was higher than that of AS experiment, 
the average operating temperature on the front surface of MCS module was higher than that of AS as well. 
For both experiments, all the module temperatures were above 25qC and the solar radiation were below 
1000 W/m2. 
Fig. 3. The average operating temperature on the front surfaces of MCS and AS modules 
3.3. Power output 
The power output was calculated from measured current and measured voltage of the module (Fig.4). 
Even though the daily solar radiation values of MCS experiment were higher than that of AS experiment, 
AS produced more power output. The module temperature affected the PV conversion efficiency. As the 
temperature increases, the band gap of the semiconductor would shrink and then the open circuit voltage 
would drop. On the other hand, more incident energy is absorbed because electrons could travel more 
from valence band to conduction band, then the short circuit current would increase [2][4]. The 
temperature coefficient values (Table 1) also explain how the temperature affected the voltage and current 
of MCS and AS modules. 
Fig. 4. The average power output of the MCS and AS modules 
25
30
35
40
45
50
55
60
9:
00
9:
15
9:
30
9:
45
10
:0
0
10
:1
5
10
:3
0
10
:4
5
11
:0
0
11
:1
5
11
:3
0
11
:4
5
12
:0
0
12
:1
5
12
:3
0
12
:4
5
13
:0
0
13
:1
5
13
:3
0
13
:4
5
14
:0
0
14
:1
5
14
:3
0
14
:4
5
15
:0
0
Te
m
pe
ra
tu
re
 (qC
)
Time of day (hours)
MCS
AS
0
5
10
15
20
25
30
35
40
45
9:
00
9:
15
9:
30
9:
45
10
:0
0
10
:1
5
10
:3
0
10
:4
5
11
:0
0
11
:1
5
11
:3
0
11
:4
5
12
:0
0
12
:1
5
12
:3
0
12
:4
5
13
:0
0
13
:1
5
13
:3
0
13
:4
5
14
:0
0
14
:1
5
14
:3
0
14
:4
5
15
:0
0
Po
w
er
 
o
u
tp
ut
 (W
)
Time of day (hours)
MCS
AS
 Nuchida Suwapaet and Prapapit Boonla /  Energy Procedia  52 ( 2014 )  459 – 465 463
3.4. Power output and operating temperature 
According to experimental data, the operating temperature data of MCS and AS modules were all 
above 25qC. Therefore, the investigation of produced power output during high operating temperature 
occurrences in this research was made at the condition of solar radiation value above 600 W/m2. Table 2 
shows the comparison of variables between the experimental data and the module specifications at STC. 
Table 2. The comparison of solar radiation, power output, and operating temperature of MCS and AS to the STC  
  MCS 
% difference  
comparing to STC4 AS 
% difference  
comparing to STC4
Time 
S1
(W/m2) 
P2  
(W) 
T3  
(°C) 
'S  
(%)
'P  
(%)
'T  
(%)
S1
(W/m2) 
P2  
(W) 
T3  
(°C) 
'S  
(%)
'P  
(%)
'T  
(%)
9:00 529 21.54 43.15 496 23.61 41.72 
9:15 565 23.70 45.33 531 28.68 43.08 
9:30 603 26.97 46.99 39.68 32.57 87.96 596 30.41 44.77 
9:45 645 27.95 49.22 35.50 30.11 96.89 611 32.17 46.16 38.92 19.57 84.62 
10:00 664 29.57 50.36 33.64 26.06 101.42 650 34.77 47.91 34.99 13.07 91.65 
10:15 684 30.24 51.59 31.63 24.40 106.38 655 35.46 48.60 34.49 11.34 94.41 
10:30 712 31.03 52.64 28.82 22.43 110.55 666 36.24 49.63 33.37 9.40 98.50 
10:45 710 32.32 53.57 28.98 19.20 114.28 669 37.48 50.22 33.09 6.30 100.90 
11:00 732 31.62 54.45 26.84 20.96 117.81 657 37.07 50.90 34.32 7.33 103.58 
11:15 737 31.57 55.01 26.29 21.07 120.05 657 37.35 51.62 34.34 6.63 106.49 
11:30 761 33.06 56.02 23.87 17.35 124.09 668 38.12 51.76 33.17 4.71 107.02 
11:45 751 32.92 56.04 24.87 17.70 124.15 650 38.03 51.47 35.02 4.93 105.89 
12:00 766 32.73 56.83 23.38 18.17 127.33 663 38.58 52.67 33.68 3.54 110.67 
12:15 760 32.94 56.75 24.04 17.64 127.00 687 38.87 51.91 31.27 2.83 107.63 
12:30 765 32.88 56.89 23.54 17.80 127.56 687 37.76 52.54 31.29 5.59 110.16 
12:45 738 32.43 57.09 26.19 18.93 128.38 643 36.49 52.79 35.73 8.79 111.17 
13:00 714 32.63 54.96 28.57 18.43 119.83 630 36.47 52.85 37.02 8.81 111.41 
13:15 683 31.04 54.00 31.67 22.41 115.98 581 34.40 52.57 
13:30 670 30.76 53.93 33.03 23.10 115.73 560 33.30 52.59 
13:45 619 28.92 53.23 38.10 27.70 112.91 557 32.90 52.96 
14:00 615 27.68 50.87 38.51 30.80 103.47 544 30.85 52.02 
14:15 551 26.07 50.37 491 29.64 51.13 
14:30 509 22.84 49.25 473 24.58 49.72 
14:45 472 21.41 49.09 420 19.24 48.40 
15:00 422 17.85 48.91       396 14.58 46.98       
1
 solar radiation 
2
 power output 
3
 operating temperature 
4
 refer to module specifications in Table 1  
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With the condition of 600 W/m2 of solar radiation, MCS operated in the temperature range of 47qC – 
57qC and produced power output in the range of 27 W – 33 W. For AS, the operating temperature value 
was in the range of   46qC – 53qC and the produced power output value was in the range of 32 W – 39 W. 
Comparing to module specifications at STC (1000 W/m2, 25qC, and 40 peak watts), MCS and AS 
produced less power output at higher operating temperature and lower solar radiation. At about 80% - 
115% higher in operating temperature, MCS produced less power output of 23% - 33% and AS produced 
less power output of 3% - 20%. The results were similar to others [5] [9] which indicated that amorphous 
silicon module would profit from high operating temperature in producing power output. Another study 
also showed that the power output of amorphous silicon module mainly depended on spectrum 
distribution and was less sensitive to module temperature [10]. 
The pros and cons of using MCS module and AS module were considered based on the experimental 
data. MCS module requires less space for the same output but it is sensitive to high temperature in terms 
of producing power output. On the other hand, AS has better performance during high operating 
temperature occurrences. Even it requires more space but it is cheaper [4]. Thus, the design of PV system 
for relatively high temperature location should take AS advantages into consideration. 
4. Conclusions 
High operating temperature of PV module is one factor that causes the reduction of produced power 
output. In the experiments, monocrystalline silicon module and amorphous silicon module were tested at 
Maha Sarakham, Thailand to investigate their produced power output during high operating temperature 
occurrences. The comparisons were made between the experimental results and the module specifications 
at STC. Results showed that at about 80% - 115% higher in operating temperature, MCS produced less 
power output of 23% - 33% and AS produced less power output of 3% - 20%. 
Acknowledgements 
The authors would like to thank Assistant Professor Dr. Charoenporn Lertsatitthanakorn for lending 
amorphous silicon module equipment and also for his value comments. 
This work was financially supported by research grant of fiscal year 2012, Faculty of Engineering, 
Mahasarakham University, Thailand.   
References 
[1] Tiwari G N, Mishra R K, Solanki. Photovoltaic modules and their applications: A review on thermal modeling. Applied 
Energy. 2011;88:2287-2304. 
[2] Merel M E, Dincer F. A review of the factors affecting operating and efficiency of photovoltaic based electricity generation 
system. Renewable and Sustainable Energy Reviews, 2011;15;2176-2184. 
[3] Razykov T M , Ferekides C S , Morel D, Stefanakps E, Ullal H S, Upadhyaya H M. Solar photovoltaic electricity: Current 
status and future prospects. Solar Energy, 2011;85;1580-1608. 
[4] Tyagi V V, Rahim Nurul A A, Rahim N A, Selvaraj Jeyrai A L. Progress in solar PV technology: Research and achievement. 
Renewable and Sustainable Energy Reviews, 2013;20;443-461. 
[5] Carr A J, Pryor T L. A comparison of the performance of different PV module types in temperature climates. Solar Energy, 
2004;76; 285-294 
 Nuchida Suwapaet and Prapapit Boonla /  Energy Procedia  52 ( 2014 )  459 – 465 465
[6] Saengprajak A. Effect of High Temperature on the Open Circuit Voltage of PV Modules Used in Thailand. Journal of 
Science and Technology Mahasarakham University, 2009;28(2);215-222.  
[7] http://www.sztkcn.com/sdp/163657/4/cp-528595/0/solar_ power_system.html, 2013, accessed March 2013.  
[8] http://www.bangkoksolar.com/en/products/detail.php?id=67&SystemModuleKey=product, 2013, accessed March 2013.  
[9] Akhmad K, Kitamura A, Yamamoto F, Okamoto H, Takakura H, Hamakawa Y. Outdoor performance of amorphous silicon 
and polycrystalline silicon PV modules. Solar Energy Material & Solar Cells, 1997;46;209–218. 
[10] Minemoto T, Nagae S, Takakura H. Impact of spectral irradiance distribution and temperature on the outdoor performance 
of amorphous Si photovoltaic modules. Solar Energy Material & Solar Cells, 2007;19;919-923.
